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Therapeutic Effects of Vitamin D in Asthma and Allergy
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Abstract: In recent years, low vitamin D status has been proposed as a putative risk factor for allergic
diseases. A growing body of literature reports low vitamin D levels in atopic patients and supports an
association between vitamin D deficiency and risk of adverse asthma and allergies outcomes.
Therefore, it has been speculated that vitamin D supplementation may either prevent or reduce the risk
of allergic diseases. Birth cohort studies addressing the role of vitamin D intake during pregnancy
have shown conflicting results regarding allergy outcomes in offspring. Currently, only a few studies
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have tried to supplement vitamin D in asthmatic patients, often as an add-on therapy to standard asthma controller
medications, and results are not all consistent. There is emerging data to show that vitamin D can enhance the anti-
inflammatory effects of glucocorticoids and potentially be used as adjuvant therapy in steroid-resistant asthma. Recent in
vivo data suggest that vitamin D supplementation may also reduce the severity of atopic dermatitis. This review examines
the existing relevant literature focusing on vitamin D supplementation in the treatment of allergic diseases.
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1. INTRODUCTION

Over the past decade, a critical role for vitamin D (VD)
in respiratory health and immune responses has been
revealed [1]. Under these premises the supplementation of
VD in the treatment of allergic diseases has emerged as a
developing research field in recent years. Apart from the
well-known role for VD in mineral and skeletal metabolism,
there is evidence that this vitamin may be involved in the
development of lungs and immune system during fetal and
early post-natal life [2]. VD status seems to be closely
related to immune responses against respiratory infections,
which may exacerbate the frequency, severity and duration
of asthmatic symptoms [3, 4]. Prospective studies have
suggested that low maternal VD intake during pregnancy
may increase the risk of childhood wheezing and asthma [5].
In children and adults with asthma, low VD status has been
correlated with higher hospitalization rates along with
increased corticosteroid use, airway hyper-responsiveness
and impaired lung function [5, 6]. More recently, low VD
status has also been proposed as a putative risk factor for
atopic dermatitis (AD) and food allergy (FA) [7, 8].

The precise role of VD in the pathogenesis of asthma and
allergic diseases is still debated and needs further assessment
[3]. However, in light of emerging evidence of potential
beneficial effects of VD, several trials have tested whether
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its supplementation could prevent or improve control of
allergic diseases, particularly concerning asthma and AD.

Herein, we provide a review of the relevant literature
addressing the role of VD supplementation in the prevention
and treatment of allergic diseases.

2. VITAMIN D ACTIONS RELEVANT TO ASTHMA
AND ALLERGIES

Despite the fact that different studies have reported an
association between low VD status and allergic diseases, to
date no study has completely described the mechanism of
VD’s actions in asthma and allergies [3].

VD has been observed to modulate immune responses
and to have a role in the maturation of lungs, respiratory tract
and skin [9-15]. Several cells intrinsic to innate and adaptive
immunity, including B- and T-lymphocytes, macrophages
and antigen-presenting cells, express the VD receptor which
is the mediator of VD’s effects [9, 16-19].

VD actions possibly relevant to asthma include up-
regulation in lung tissues of antimicrobial peptides such as
beta-defensins and cathelicidins, which have been shown to
protect against respiratory tract infections that could trigger
asthma [20-23].

The active form of VD, also referred to as 1,25-
dihydroxyvitamin D (1,25(OH)2D), may decrease lung
inflammation and airway hyper-responsiveness by promoting
T-regulatory cell activity and down regulating synthesis of
inflammatory cytokines in bronchial smooth muscle cells
(such as matrix metalloproteinases and chemokine ligand 5,
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a chemo-attractant of mast cells, eosinophils, basophils and
T-cells) [24-27]. There is evidence that 1,25(OH)2D can
inhibit Th17 cytokines production, which is often increased
in patients with severe asthma [28, 29]. There is also
evidence that the active form of VD can affect the expression
of genes involved in smooth muscle cell morphogenesis and
growth, exerting anti-proliferative effects on the airway
smooth muscle [30-33]. These findings suggest a possible
involvement of VD in airway remodeling.

Recent experimental data suggest that VD can potentially
increase response to glucocorticoids in steroid-resistant
patients by up-regulating the IL-10 production from
peripheral blood CD4+ T cells, which is commonly impaired
in severe pediatric asthma [34, 35]. Indeed, peripheral CD4+
T-cells of steroid-resistant asthmatic patients have failed to
synthesize the anti-inflammatory cytokine IL-10 in response
to corticosteroids [36].

3. VITAMIN D IN THE TREATMENT OF ASTHMA

Epidemiologic studies have shown that VD deficiency
and asthma are more prevalent in certain common
conditions, such as darker skin pigmentation, inner-city
residence and obesity, supporting the hypothesis of a causal
association [2, 37, 38]. There is accumulating evidence to
show that low VD status during pregnancy and early life is
inversely correlated with the risk of developing upper and
lower respiratory tract infections in childhood [5].
Respiratory viral infections (especially respiratory syncytial
virus and rhinovirus infections) are considered as the main
triggers of lower respiratory-tract wheezing illnesses (such
as Dbronchiolitis) during infancy as well as asthma
exacerbation through late childhood and have been strongly
linked to the development of asthma [5]. Moreover, there is a
growing body of evidence to show that serum VD levels
below the proposed optimal range (defined as circulating
levels of 25-hydroxyvitamin D, 25(OH)D, <30 ng/mL) in
asthmatic children are associated with adverse asthma
outcomes such as acute exacerbation, reduced lung function,
increased corticosteroid use and poorer disease control [39-
44]. In the light of these findings it has been speculated that
VD supplementation may either prevent or reduce the risk of
severe asthma and enhance response to glucocorticoids.
Those hypotheses have led to a recent increase in the number
of scientific publications concerning VD supplementation in
allergic patients.

Birth cohort studies investigating the associations
between VD intake during pregnancy and allergy outcomes
in offspring have revealed conflicting results. Prospective
studies have suggested that low maternal VD intake during
pregnancy and low cord blood VD levels may increase the
risk of childhood wheezing and respiratory infections in
offspring [45-50]. On the other hand, conflicting results have
been shown for asthma, with one study reporting an adverse
effect on the risk of asthma development [50] and others
showing no correlation [45, 51-53]. However, those studies
are all limited either by having estimated maternal VD intake
from food frequency questionnaires [46-50] or having only
one measurement of 25(OH)D levels (in the pregnant mother

Benetti et al.

or the cord blood) with a protracted interval to the
considered outcomes [45, 51-53]. The Vitamin D Antenatal
Asthma Reduction Trial is a randomized, double-blind,
placebo-controlled (DBPC) trial of VD supplementation in
pregnant women which is currently ongoing in the US to
establish whether VD supplementation during pregnancy
prevents the development of asthma and allergies in children
[54].

Over the last decade several trials have assessed whether
direct VD supplementation can be beneficial in the treatment
of asthma (Table 1).

In a double-blind parallel-arm trial conducted by Majack
et al., 48 children with newly diagnosed allergic asthma to
house-dust mites were randomly assigned to either placebo
or supplement of 500 IU/day of oral cholecalciferol (VD3) in
addition to asthma controller medications (inhaled
budesonide) for 6 months. At the end of the study period,
children in the active group showed a reduced risk of asthma
exacerbation triggered by acute respiratory viral infections
[55].

In another randomized, DBPC study conducted on 82
Indian children with moderate to severe asthma, the monthly
administration of 60.000 IU of oral VD3 in addition to
standard steroid-based therapy for 6 months significantly
reduced the number of acute exacerbation, emergency visits
and the mean steroid dose to achieve asthma control [56].

In a very recent DBPC study conducted by Castro et al.,
408 adults with asthma and baseline serum 250HD level
<30 ng/ml were randomized to receive either placebo or
high-dose oral VD3 (as 100.000 IU once followed by 4.000
IU/day) in addition to asthma controller medications (inhaled
ciclesonide) for 28 weeks. In this study, VD supplementation
significantly increased serum 250HD levels and slightly
reduced the dose of inhaled corticosteroid required to
maintain asthma control, but it did not reduce either the rate
of first treatment failure (defined as a combination of decline
in lung function parameters and increase in use of P2-
agonists, systemic corticosteroids and health care) or the
number of acute exacerbation [57].

In another recent controlled trial by Arshi et al, 130
children and adults with mild to moderate asthma were
randomized in two groups. Both groups received asthma
medications in a dry powder inhaler (budesonide, or
budesonide plus formoterol) and one group was randomly
chosen to further receive high-dose VD3 (100.000 IU
intramuscularly as first dose, followed by 50.000 IU orally
once a week) for 6 months. Serum VD levels and the
spirometric parameter FEV1 were determined pre-trial and 8
and 24 weeks post intervention. At 8 weeks FEV1 improved
in both groups with no significant difference. After 24
weeks, that FEV1 improved by about 20% in the VD group
compared to about 7% among those who only used the
inhaler. However, Arshi et al. did not consider whether the
active group presented also an improvement in symptoms
and whether this group was more adherent than controls to
asthma medications [58].
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Table 1. Summary of relevant trials on vitamin D supplementation in the treatment of asthma.
Author Study type Sample size Intervention Duration Results
48 asthmati 500 IU/d 1 VD3 vs placebo, . . .
Majak et al., | Double-blind .as mate . .. ay ora V8 placeho Reduced risk of asthma exacerbation triggered by
children (5-18 in addition to asthma control 6 months . . L.
2011 [55] PCRCT . . acute respiratory tract infection in the VD group
years) therapy (inhaled budesonide)
. 82 asthmatic 60.000 TU/month oral VD3 vs Reduced number of asthma exacerbation (P =0.011),
Yadav et al., | Double-blind . . .. .. .
2014 [56] PC RCT children (5-11 placebo, in addition to standard | 6 months emergency visits (P = 0.015) and decreased steroid
years) steroid-based therapy dosage (P =0.013) in the VD group
VD did not reduce the rate of first treatment failure
(primary outcome, defined as combination of decline
100.000 IU bolus plus 4.000 . . . .
. . . in lung function parameters and increase in use of f2-
Castro et al., | Double-blind |408 asthmatic 1U/day oral VD3 vs placebo, in . . . .
L. 28 weeks agonists, systemic corticosteroids and health care).
2014 [57] PCRCT adults (> 18 years) |addition to asthma controllers . .
. . . VD slightly reduced the dose of inhaled
(inhaled ciclesonide) . . . L.
corticosteroid required to maintain asthma control
(difference of 14.9 pg/d).
Asthma medications (budesonide
. or budesonide plus formoterol in . . .
Arshi et al 130 asthmatic d der inhaler) with and 24 weeks after the intervention FEV1 improved by
s et atk, PCRCT children and adults a . Ty pow e‘r‘m aler) with an 24 weeks about 20% in the VD group compared to about 7%
2014 [58] without addition of 100.000 U .
(10-50 years) among those who only used the inhaler (P <0.001).
bolus (IM) plus 50.000 IU/week
oral VD3
No differences in relation to airway hyperreactivity
BarY h 39 child 6-18 ters (i.e. FeN d PC20-FEV1) and ai
ar Yosep Double-blind o r‘en( . 14.000 1U/week oral VD vs Parame ers (ie. FeNO a.n ¢ ) and airways
etal.,2014 PC RCT years) with mild laceb 6 weeks inflammation markers (i.e. exhaled breath condensate
acebo
[59] non-treated asthma | ° cytokines IL4, IL5, IL10, IL17, and y-interferon)
among the two groups.
. 24 adults (> 18 0.25ug c:lilcitrioll‘twice daily vs o . .
Nanzer et al., | Double-blind ) with steroid placebo, in addition to oral 4 weeks Modest but significant improvement in absolute and
ears) with steroid-
2014 [64] PCRCT 4 . prednisolone (during the last 2 predicted FEV 1in the calcitriol group (P = 0.03).
resistant asthma Ks)
weeks

Bar Yoseph et al. have recently conducted the first
DBPC study to assess the potential role of VD as
monotherapy in mild asthma. Over 6 weeks, a total of 39
children (age, 6-18 years) with mild non-treated asthma,
positive methacholine test and serum 250HD levels <30
ng/ml, were randomly assigned to either placebo or weekly
supplements of 14.000 IU of oral VD (equivalent to 2.000
IU/day). At the end of the study period, despite a significant
increase in serum 250HD level in the active group, no
differences were seen in relation to airway hyperreactivity
parameters (i.e. fractional exhaled nitric oxide, FeNO and
methacholine concentration causing a 20% reduction in
FEV1, PC20-FEV1) and airways inflammation markers (i.e.
exhaled breath condensate cytokines IL4, ILS, IL10, IL17,
and y-interferon) among the two groups [59].

Emerging experimental data provide evidence that VD
can enhance the therapeutic response to glucocorticoids and
potentially be used as an add-on treatment in steroid-resistant
asthmatic patients [60]. Xystrakis et al. showed that the
typical impaired production of IL-10 by CD4+ regulatory T
cell observed in steroid-resistant asthmatic patients could be
reversed by the addition of dexamethasone and VD [34]. In
the same study the use of VD overcame the down-regulation

of glucocorticoid receptor expression on CD4+ T cells
induced by dexamethasone [34]. These findings are
consistent with more recent in vitro and in vivo studies. In
two cross-sectional studies conducted in children and adults
with mild to moderate asthma, lower serum VD levels were
associated with increased inhaled/oral corticosteroid use and
impaired lung function [61, 62]. In a separate in vitro model
of steroid-resistance, the same group of researchers showed
that VD enhances glucocorticoids anti-inflammatory actions
in peripheral blood mononuclear cells of patients with
steroid-resistant and steroid-sensitive asthma [62, 63].
However, VD pretreatment did not overcome the reduced
response to glucocorticoids in cells of patients with steroid-
resistant asthma [63].

In a very recent in vivo DBPC pilot study, Nanzer et al.
showed that the use of 1,25(OH)2D in adult patients with
steroid-resistant asthma improved the clinical responsiveness
to glucocorticoids. A total of 24 adults with steroid-resistant
asthma (defined as less than 10% improvement in baseline
FEV1 following a 2-week course of oral prednisolone)
underwent a 4-week washout period and were subsequently
randomized to either placebo or 0.25 pg of 1,25(OH)2D
twice daily for 4 weeks. A repeat course of oral prednisolone
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was given during the final 2 weeks of the study. At the end
of the study period, the active group reported a modest but
significant improvement in lung function (rated by absolute
and predicted FEV1) compared to controls [64].

Three randomized controlled trials comparing lower
(ranging from 200 to 400 IU/day) versus higher dose
(ranging from 2000 to 4000 IU/day) of oral VD
supplementation in VD-deficient asthmatic children are
currently ongoing in Canada [65] and the US
[clinicaltrials.gov, identifiers NCT02054975 and
NCT01921894]. The aim of these studies is to assess the
effects of high dose VD supplementation on serum VD
levels, asthma severity and asthma exacerbation as well as to
detect the most appropriate dose to be used in these patients.

4. VITAMIN D IN THE TREATMENT OF ATOPIC
DERMATITIS

There is experimental evidence to show that the active
form of VD can affect the growth and differentiation of
keratinocytes as well as the production of antimicrobial
peptides in the skin [11, 66-69]. The observation that
keratinocytes express high levels of the enzyme 250HD-1a
hydroxylase, which is responsible for the activation of VD
metabolites (as in the kidney), furthers supports these
findings [69]. In addition, VD can stimulate the synthesis of
different skin proteins (e.g. involucrine, transglutaminase,
locricirin and filaggrin) enhancing the formation of the
stratum corneum barrier [70]. Patients with AD often present
a defect of the epidermal barrier and a relative defect in
innate immunity, since they express lower levels of some
antimicrobial peptides (such as cathelicidin) in areas of
inflamed skin [71, 72]. Therefore low VD status might
exacerbate AD by contributing to skin barrier function
impairment and immunologic dysregulation.

Observational studies have documented that children and
adults with AD often present significantly lower serum VD
levels [73-75]. In a recent birth cohort study, low cord blood
VD levels in 239 newborns were associated with higher risk
of developing AD by the ages of 1, 2, 3, and 5 years [45].
Additionally, in children with AD a significant inverse
relationship between the severity of the disease and serum
VD levels has been shown [76].

Recent data have suggested a possible role for VD
supplementation in the treatment of AD (Table 2). In a small
DBPC pilot study conducted by Sidbury et al., 11 children
(aged 2-13 years) with winter-related mild AD (according to
the Eczema Area and Severity Index score, EASI) were
randomized to receive either 1000 IU/day of oral
ergocalciferol or placebo for 1 month, with the possibility to
continue previous topical therapies but not to initiate new
treatments. At the end of the study period, 4 of 5 children in
the active group showed improvement according to the
Investigator’s Global Assessment Score, compared with 1 of
6 children taking placebo. A similar trend was also seen for
the EASI score, but it failed to reach statistical significance
[77].

The same group of researchers has recently conducted a
similarly designed DBPC trial to evaluate the benefit of VD
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supplementation for winter-related AD in children living in
Mongolia, a population known to have a high VD deficiency
during winter season due to latitude. A total of 107 children,
mostly with moderate AD according to the EASI score, were
randomized to receive either 1000 IU/day of oral VD3 or
placebo for 1 month. All participants were instructed to
continue previous topical therapies as needed, but they were
not allowed to begin any new treatment. At the end of the
study period, the active group showed significant
improvement in AD assessed with the EASI score (mean
change -6.5 (SD 8.8) for VD group compared with -3.3 (SD
7.6) for placebo, P = 0.04) [78]. However, these two studies
share some limitations, such as the inability to correlate
clinical benefits with baseline VD levels (due to missing
determinates of VD levels before and after supplementation),
the short duration of the intervention and the very limited
number of children with severe AD (only 6 participants in
the second trial) [77-78].

In another DBPC study by Javanbakht et al., 12 of 45
patients were randomized to receive 1.600 IU/day of oral
VD3 for 2 months. At the end of the study period, the active
group showed significant increase in serum VD levels and
decrease in severity of the disease assessed with Scoring
Atopic Dermatitis (SCORAD) index. The active group
reported a higher improvement in SCORAD index than
controls, but this difference was not statistical significant
[79].

In a similarly designed trial, 60 patients with mild to
severe AD (according to SCORAD index) were randomized
to receive 1.600 IU/day of oral VD3 for 2 months. At the end
of the study period, the active group showed a significant
decrease in SCORAD index regardless of the initial severity
of the disease [80].

Hata et al recently conducted a randomized, DBPC
study in adult patients with AD. A total of 76 subjects, 30
with moderate to severe AD (according to an average Rajka-
Langeland score of 6), 30 non atopic controls and 16
subjects with psoriasis, were randomized to receive either
4000 IU/day of oral VD3 or placebo for 21 days. Serum
250HD levels, skin cathelicidin levels and the EASI score
were determined before and after the trial. At baseline more
than 70% of AD patients had serum 25OHD levels below 30
ng/mL. After 21 days of oral VD supplementation, the active
group showed an increase in mean serum 250HD level, but
no significant change in skin cathelicidin levels or EASI
score [81].

A randomized DBPC trial in children (age, 2-17 years)
with mild to severe AD (assessed with SCORAD index) is
currently ongoing in Chile. Participants are randomized to
receive either placebo or weekly oral VD3 supplementation
with doses ranging from 8.000 IU to 16.000 IU according to
their age (i.e. 8.000 IU/week between ages 2-5.9 years;
12.000 IU/week between ages 6-11.9 years; 16.000 IU/week
between ages 12-17.9 years), for 6 weeks. The primary
outcome is to verify whether this VD supplementation
scheme can improve the clinical severity of AD rated by
SCORAD index [clinicaltrials.gov, identifiers NCT01996423].
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Table2. Summary of relevant trials on vitamin D supplementation in the treatment of atopic dermatitis.
Author Study type | Sample size Intervention Duration | Results
Sidbury Double- 11 children (2-13 years) | 1000 IU/day oral VD2 vs placebo 1 month Decreased severity of AD in the VD group
etal.,2008 | blind PC with mild AD (rated by | patients were allowed to continue rated by the IGA score (P = 0.04)
(771 RCT EASI score) previous topical therapies as needed, but
not to begin new treatment.
Javanbakht | Double- 45 patients with AD Group P (n=11): oral VD and oral VE 2 months Group D showed significant increase in
etal.,2011 |blind PC (rated by SCORAD placebos; serum VD levels (P < 0.001) and decrease
[79] RCT index) Group D (n = 12): 1600 IU/day oral VD in severity of AD from baseline by‘34.8% as
plus VE placebo; rated by SCORAD (P = 0.004). This group
G E (n=11): 600 IU/d IVE showed a larger decrease in SCORAD index
roup E (n = 11): ay ora than the placebo group (28.9%), but this
plus VD placebo; . . Lo
difference was not statistical significant.
Group DE (n=11): 1600 IU/ day oral VD
plus 600 IU/day oral VE
Amestejani | Double- 60 patients with mild to | 1600 IU/day oral VD3 vs placebo 2 months | Decreased severity of AD in the VD group
etal., 2012 | blind PC severe AD (rated by as rated by SCORAD index (P < 0.05)
[80] RCT SCORAD index)
Camargo | Double- 107 children (2 - 17 1000 IU/day oral VD3 vs placebo 1 month Decreased severity of AD in the VD group
etal., 2014 | blind PC years) with mild to severe | patiants were allowed to continue rated by the EASI score (mean change - 6.5
[78] RCT AD (rated by EASI score) previous topical therapies as needed, but (SD 8.8) for VD vs - 3.3 (SD 7.6) for
not to begin new treatment placebo, P=0.04)
Hata et al., | Double- 76 adults: 30 with 4000 IU/day oral VD3 vs placebo 21 days Significant increase in mean serum 250OHD
2014 [81] |blind PC moderate to severe AD level in the VD group
RCT (rated by Rajka- No significant change in skin cathelicidin,
Langeland score); 30 HBD-3, IL-13 and EAST score.
non-atopic controls; 16
with psoriasis

Several studies have recently assessed the effect of
indirect VD replacement through heliotherapy or UV
treatment for the management of AD, showing promising
results [75]. Vahévihu et al. measured serum 250HD levels
and SCORAD Index in 23 Finnish adult patients with
moderate AD before and after taking a 2-week course of
heliotherapy. At the end of the study period, the authors
reported a significant increase in serum 250HD levels and
decrease in SCORAD index in the majority of participants,
with positive correlation between the two parameters [82].

5. VITAMIN D AND FOOD ALLERGY

Low VD status has recently been proposed as a putative
risk factor for FA [83]. The VD hypothesis in FA comes
from the observation of higher rates of FA or FA markers
(such as cases of food-induced anaphylaxis and prescription
rates of epinephrine auto-injector or hypoallergenic
formulas) in geographic regions of Australia and the US with
lower sunlight exposure as well as in children born during
Autumn and Winter seasons [8]. Two recent large
population-based studies have shown that low serum VD
levels are associated with increased risk of peanut
sensitization and challenge-proven peanut- or egg- allergy
[84, 85]. In a very recent cross-sectional study conducted in
226 children (age, 3-24 months) with AD or suspected FA,

Baek et al. confirmed that poly-sensitization to food allergens
was correlated with lower serum 25(OH)D levels compared
with mono-sensitization and non-sensitization [86].

However, not all studies support the VD hypothesis.
Weisse et al. have recently described a positive association
between maternal/cord blood VD levels and diagnosis of FA
in the second year of life, even though it was a parent-
reported doctor diagnosis of FA and not challenge-proven
[87]. In addition, Norizoe et al. recently reported that
maternal VD supplementation (800 IU/day of oral VD3 for 6
weeks) during the first months of lactation was correlated
with higher rate of doctor diagnosed FA up to 2 years of age,
although there was a significant loss of participants at the 2
year-old follow up [88].

To date, there is little evidence to support the association
of low VD status and FA and well-designed trials on VD
supplementation are needed to dissect its potential role in the
prevention or treatment of FA. To this purpose, the
VITALITY trial has been designed to assess whether VD
supplementation during the first 10 months of life (as 400
IU/day of oral VD3) significantly decreases the risk of early
onset FA. The study is not yet open for participants
recruitment and it will be based in Australia [clinicaltrials.gov,
identifiers NCT02112734].
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6. CONCLUSION

There is evidence that serum VD level is often under the
proposed optimal range in allergic children. In this
population VD supplementation has proven to be effective in
increasing serum 25(OH)D level. There is also accumulating
evidence that low VD status may have a role in asthma and
AD. It has been speculated that VD supplementation may
prevent asthma or reduce the risk of a more severe disease
and enhance response to corticosteroids as well as reduce the
severity of AD. However, none of these hypotheses have
been verified so far. Despite emerging in vitro and in vivo
findings of the potential role of VD in the therapy of allergic
diseases, only a few studies have actually tried to supplement
VD as a treatment for asthma and AD, but results are not all
consistent. This discrepancy can be at least in part attributed
to the heterogeneity among different studies in terms of
patients selection, inclusion criteria, VD dosing regimen,
treatment dosage and duration, and outcomes considered. A
different genetic predisposition among allergic patients
might also affect the success of VD supplementation.
Finally, a crucial issue for VD supplementation concerns its
dosage. The currently recommended optimal levels of
circulating serum 25(OH)D are referred to bone health,
whereas the optimal levels for immune system function,
defense against respiratory tract infections and treatment of
allergic diseases are still unknown.

Further clinical trial results are needed to provide
conclusive evidence and to identify the optimal dosage,
length of treatment and target serum VD level for immune
system functioning, allergic diseases prevention or treatment
and for the use of VD in steroid resistant asthma.

LIST OF ABBREVIATIONS

AD = atopic dermatitis

DBPC = double-blind, placebo-controlled

EASI = eczema area and severity index

HBD-3 = Human Beta Defensin 3

IGA = investigator’s global assessment

M = intramuscular

FA = food allergy

FeNO = Fractional exhaled nitric oxide

FEV1 = forced expiratory volume in 1 second

PC RCT = placebo-controlled, randomized clinical
trial

PC20-FEV1 = methacholine concentration causing a
20% reduction in FEV1

SCORAD = SCORing Atopic Dermatitis

VD = vitamin D

VD2 = ergocalciferol

VD3 = cholecalciferol

VE = vitamin E (synthetic all-rac-a-tocopherol)
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25(0H)D
1,25(0H)2D

25-hydroxyvitamin D

1,25-dihydroxyvitamin D

CONFLICT OF INTEREST

The author(s) confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENTS

We are grateful to Maurice Fitzgerald for editing the
English version of the manuscript.

REFERENCES

[1] Wacker, M.; Holick, M.F. Vitamin D - effects on skeletal and
extraskeletal health and the need for supplementation. Nutrients,
2013, 5(1), 111-148.

[2] Litonjua, AA. Vitamin D deficiency as a risk factor for childhood
allergic disease and asthma. Curr Opin Allergy Clin Immunol,
2012, 12(2), 179-185.

[3] Muehleisen, B; Gallo, RL. Vitamin D in allergic disease: shedding
light on a complex problem. J Allergy Clin Immunol, 2013, 131(2),
324-329.

[4] Bozzetto, S; Carraro, S; Giordano, G; Boner, A; Baraldi, E.
Asthma, allergy and respiratory infections: the vitamin D
hypothesis. Allergy, 2012, 67(1), 10-17.

[5] Comberiati, P; Tsabouri, S; Piacentini, GL; Moser, S; Minniti, F;
Peroni, DG. Is vitamin D deficiency correlated with childhood
wheezing and asthma? Front Biosci (Elite Ed), 2014, 6, 31-39.

[6] Huang, H; Porpodis, K; Zarogoulidis, P; Domvri, K; Giouleka, P;
Papaiwannou, A; Primikyri, S; Mylonaki, E; Spyratos, D;
Hohenforst-Schmidt, W; Kioumis, I; Zarogoulidis, K. Vitamin D in
asthma and future perspectives. Drug Des Devel Ther, 2013, 7,
1003-1013.

[7] Mutgi, K; Koo, J. Update on the role of systemic vitamin D in
atopic dermatitis. Pediatr Dermatol, 2013, 30(3), 303-307.

[8] Peroni, DG; Boner, AL. Food allergy: the perspectives of
prevention using vitamin D. Curr Opin Allergy Clin Immunol,
2013, 13(3), 287-292.

[9] Prietl, B; Treiber, G; Pieber, TR; Amrein, K. Vitamin D and
immune function. Nutrients, 2013, 5(7), 2502-2521.

[10] Zosky, GR; Berry, LJ; Elliot, JG; James, AL; Gorman, S; Hart, PH.
Vitamin D deficiency causes deficits in lung function and alters
lung structure. 4m J Respir Crit Care Med, 2011, 183(10), 1336~
1343.

[11] Luderer, HF; Demay, MB. The vitamin D receptor, the skin and
stem cells. J Steroid Biochem Mol Biol, 2010, 121(1-2), 314-316.

[12] Nguyen, M.; Trubert, C.L.; Rizk-Rabin, M.; Rehan, V.K,;
Besangon, F.; Cayre, Y.E.; Garabédian, M. 1,25-Dihydroxyvitamin
D3 and Fetal Lung Maturation: Immunogold Detection of VDR
Expression in Pneumocytes Type II Cells and Effect on Fructose
1,6 Bisphosphatase. J Steroid Biochem Mol Biol, 2004, 89-90(1-5),
93-97.

[13] Sakurai, R; Shin, E; Fonseca, S; Sakurai, T; Litonjua, AA; Weiss,
ST; Torday, JS; Rehan, VK. lalpha,25(OH)2D3 and its 3-epimer
promote rat lung alveolar epithelial-mesenchymal interactions and
inhibit lipofibroblast apoptosis. Am J Physiol Lung Cell Mol
Physiol, 2009, 297(3), L496-505.

[14] Rehan, VK; Torday, JS; Peleg, S; Gennaro, L; Vouros, P; Padbury,
J; Rao, DS; Reddy, GS. 1Alpha,25-Dihydroxy-3-Epi-Vitamin D3, a
Natural Metabolite of lalpha,25-Dihydroxy Vitamin D3:
Production and Biological Activity Studies in Pulmonary Alveolar
Type II Cells. Mol Genet Metab, 2002, 76(1), 46-56.

[15] Marin, L; Dufour, ME; Nguyen, TM; Tordet, C; Garabedian, M.
Maturational changes induced by 1 alpha,25-dihydroxyvitamin D3
in type II cells from fetal rat lung explants. Am J Physiol, 1993,
265(1 Pt 1), L45-52.

[16] Kamen, DL; Tangpricha, V. Vitamin D and molecular actions on
the immune system: modulation of innate and autoimmunity. J Mol
Med (Berl), 2010, 88(5), 441-450.



Therapeutic Effects of Vitamin D in Asthma and Allergy

[17]

[18]

(23]

[24]

[30]

[31]

[32]

Rolf, L; Muris, AH; Hupperts, R; Damoiseaux, J. Vitamin D
effects on B cell function in autoimmunity. Ann NY Acad Sci, 2014,
1317,84-91.

Bhalla, AK; Amento, EP; Clemens, TL; Holick, MF; Krane, SM.
Specific High-Affinity Receptors for 1,25-Dihydroxyvitamin D3 in
Human Peripheral Blood Mononuclear Cells: Presence in
Monocytes and Induction in T Lymphocytes Following Activation.
J Clin Endocrinol Metab, 1983, 57(6), 1308-1310.

Kreutz, M; Andreesen, R; Krause, SW; Szabo, A; Ritz, E; Reichel,
H. 1,25-Dihydroxyvitamin D3 Production and Vitamin D3
Receptor Expression Are Developmentally Regulated During
Differentiation of Human Monocytes into Macrophages. Blood,
1993, 82(4), 1300-1307.

White, JH. Vitamin D as an inducer of cathelicidin antimicrobial
peptide expression: past, present and future. J Steroid Biochem Mol
Biol, 2010, 121(1-2), 234-238.

Roby, KD; Nardo, AD. Innate Immunity and the Role of the
Antimicrobial Peptide Cathelicidin in Inflammatory Skin Disease.
Drug Discov Today Dis Mech, 2013, 10(3-4), €79-¢82.

Muehleisen, B; Bikle, DD; Aguilera, C; Burton, DW; Sen, GL;
Deftos, LJ; Gallo, RL. PTH/PTHrP and vitamin D control
antimicrobial peptide expression and susceptibility to bacterial skin
infection. Sci Transl Med, 2012, 23, 4(135), 13ra66.

Liu, PT; Stenger, S; Li, H; Wenzel, L; Tan, BH; Krutzik, SR;
Ochoa, MT; Schauber, J; Wu, K; Meinken, C; Kamen, DL;
Wagner, M; Bals, R; Steinmeyer, A; Ziigel, U; Gallo, RL;
Eisenberg, D; Hewison, M; Hollis, BW; Adams, JS; Bloom, BR;
Modlin, RL. Toll-like receptor triggering of a vitamin D-mediated
human antimicrobial response. Science, 2006, 311(5768), 1770-
1773.

Baker, KE; Bonvini, SJ; Donovan, C; Foong, RE; Han, B; Jha, A;
Shaifta, Y; Smit, M; Johnson, JR; Moir, LM. Novel drug targets for
asthma and COPD: Lessons learned from in vitro and in vivo
models. Pulm Pharmacol Ther,2014,29(2), 181-198.

Lange, NE; Litonjua, A; Hawrylowicz, CM; Weiss, S. Vitamin D,
the immune system and asthma. Expert Rev Clin Immunol, 2009,
5(6), 693-702.

Agrawal, T; Gupta, GK; Agrawal, DK. Vitamin D Supplementation
Reduces Airway Hyperresponsiveness and Allergic Airway
Inflammation in a Murine Model. Clin Exp Allergy, 2013, 43(6),
672-683.

Lai, G; Wu, C; Hong, J; Song, Y. 1,25-Dihydroxyvitamin D(3)
(1,25-(OH)(2)D(3)) Attenuates Airway Remodeling in a Murine
Model of Chronic Asthma. J Asthma, 2013, 50(2), 133—140.
Nanzer, AM; Chambers, ES; Ryanna, K; Richards, DF; Black, C;
Timms, PM; Martineau, AR; Griffiths, CJ; Corrigan, CJ;
Hawrylowicz, CM. Enhanced production of IL-17A in patients
with severe asthma is inhibited by 1a,25-dihydroxyvitamin D3 in a
glucocorticoid-independent fashion. J Allergy Clin Immunol, 2013,
132(2),297-304.

Trvin, C; Zafar, I; Good, J; Rollins, D; Christianson, C; Gorska,
MM; Martin, RJ; Alam, R. Increased frequency of dual-positive
TH2/TH17 cells in bronchoalveolar lavage fluid characterizes a
population of patients with severe asthma. J Allergy Clin Immunol,
2014, 134(5), 1175-1186.

Bossé, Y; Maghni, K; Hudson, TJ. lalpha,25-Dihydroxy-Vitamin
D3 Stimulation of Bronchial Smooth Muscle Cells Induces
Autocrine, Contractility, and Remodeling Processes. Physiol
Genomics, 2007, 29(2), 161-168.

Banerjee, A; Damera, G; Bhandare, R; Gu, S; Lopez-Boado, Y;
Panettieri, R Jr; Tliba, O. Vitamin D and Glucocorticoids
Differentially Modulate Chemokine Expression in Human Airway
Smooth Muscle Cells. BrJ Pharmacol, 2008, 155(1), 84-92.
Damera, G; Fogle, HW; Lim, P; Goncharova, EA; Zhao, H;
Banerjee, A; Tliba, O; Krymskaya, VP; Panettieri, RA Jr. Vitamin
D inhibits growth of human airway smooth muscle cells through
growth factor-induced phosphorylation of retinoblastoma protein
and checkpoint kinase 1. Br J Pharmacol, 2009, 158(6), 1429-
1441.

Clifford, RL; Knox, AJ. Vitamin D - a new treatment for airway
remodelling in asthma? Br J Pharmacol, 2009, 158(6), 1426-1428.
Reference: Available from:

Xystrakis, E; Kusumakar, S; Boswell, S; Peek, E; Urry, Z;
Richards, DF; Adikibi, T; Pridgeon, C; Dallman, M; Loke, TK;
Robinson, DS; Barrat, FJ; O'Garra, A; Lavender, P; Lee, TH;

[35]

[37]

[42]

[43]

[46]

[47]

Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0 7

Corrigan, C; Hawrylowicz, CM. Reversing the defective induction
of IL-10-secreting regulatory T cells in glucocorticoid-resistant
asthma patients. J Clin Invest, 2006, 116(1), 146-155.

Gupta, A; Dimeloe, S; Richards, DF; Chambers, ES; Black, C;
Urry, Z; Ryanna, K; Xystrakis, E; Bush, A; Saglani, S;
Hawrylowicz, CM. Defective IL-10 expression and in vitro steroid-
induced IL-17A in paediatric severe therapy-resistant asthma.
Thorax, 2014, 69(6), 508-515.

Hawrylowicz, C; Richards, D; Loke, TK; Corrigan, C; Lee, T. A
defect in corticosteroid-induced IL-10 production in T lymphocytes
from corticosteroid-resistant asthmatic patients. J Allergy Clin
Immunol, 2002, 109(2), 369-370.

Freishtat, RJ; Igbal, SF; Pillai, DK; Klein CJ, Ryan LM, Benton
AS, Teach SJ. High prevalence of vitamin D deficiency among
inner-city African American youth with asthma in Washington,
DC. J Pediatr, 2010, 156(6), 948-952.

Kirsti¢, G. Asthma prevalence associated with geographical latitude
and regional insolation in the United States of America and
Australia. PLoS One, 2011, 6(4), €18492.

Ginde, AA; Mansbach, JM; Camargo, CA Jr. Vitamin D,
respiratory infections, and asthma. Curr Allergy Asthma Rep, 2009,
9(1), 81-87.

Chinellato, I, Piazza, M; Sandri, M; Peroni, D; Piacentini, G;
Boner, AL. Vitamin D serum levels and markers of asthma control
in Italian children. J Pediatr, 2011, 158(3), 437—441.

Chinellato, I; Piazza, M; Sandri, M; Peroni, DG; Cardinale, F;
Piacentini, GL; Boner, AL. Serum vitamin D levels and exercise-
induced bronchoconstriction in children with asthma. Eur Respir J,
2011, 37(6), 1366-1370.

Brehm, JM; Schuemann, B; Fuhlbrigge, AL; Hollis, BW; Strunk,
RC; Zeiger, RS; Weiss, ST; Litonjua, AA. Childhood Asthma
Management Program Research Group. Serum vitamin D levels
and severe asthma exacerbations in the Childhood Asthma
Management Program study. J Allergy Clin Immunol, 2010, 126(1),
52-58.

Brehm, JM; Celedén, JC; Soto-Quiros, ME; Avila, L;
Hunninghake, GM; Forno, E; Laskey, D; Sylvia, JS; Hollis, BW;
Weiss, ST; Litonjua, AA. Serum vitamin D levels and markers of
severity of childhood asthma in Costa Rica. Am J Respir Crit Care
Med. 2009, 179(9), 765-771.

Brehm, JM; Acosta-Pérez, E; Klei, L; Roeder, K; Barmada, M;
Boutaoui, N; Forno, E; Kelly, R; Paul, K; Sylvia, J; Litonjua, AA;
Cabana, M; Alvarez, M; Colon-Semidey, A; Canino, G; Celedon,
JC. Vitamin D insufficiency and severe asthma exacerbations in
Puerto Rican children. Am J Respir Crit Care Med, 2012, 186(2),
140-146.

Baiz, N; Dargent-Molina, P; Wark, JD; Souberbielle, JC; Annesi-
Maesano, I; EDEN Mother-Child Cohort Study Group. Cord serum
25-hydroxyvitamin D and risk of early childhood transient
wheezing and atopic dermatitis. J Allergy Clin Immunol, 2014,
133(1), 147-153.

Camargo, CA Jr; Rifas-Shiman, SL; Litonjua, AA; Rich-Edwards,
JW; Weiss, ST; Gold, DR; Kleinman, K; Gillman, MW. Maternal
intake of vitamin D during pregnancy and risk of recurrent wheeze
in children at 3 y of age. Am J Clin Nutr, 2007, 85(3), 788-795.
Devereux, G; Litonjua, AA; Turner, SW; Craig, LC; McNeill, G;
Martindale, S; Helms, PJ; Seaton, A; Weiss, ST. Maternal vitamin
D intake during pregnancy and early childhood wheezing. Am J
Clin Nutr, 2007, 85(3), 853-859.

Miyake, Y; Sasaki, S; Tanaka, Hirota, Y. Dairy food, calcium and
vitamin D intake in pregnancy, and wheeze and eczema in infants.
Eur Respir J, 2010, 35(6), 1228-1234.

Miyake, Y; Tanaka, K; Okubo, H; Sasaki, S; Arakawa, M.
Maternal consumption of dairy products, calcium, and vitamin D
during pregnancy and infantile allergic disorders. Ann Allergy
Asthma Immunol, 2014, 113(1), 82-87.

Gale, CR; Robinson, SM; Harvey, NC; Javaid, MK; Jiang, B;
Martyn, CN; Godfrey, KM; Cooper, C; Princess Anne Hospital
Study Group. Maternal vitamin D status during pregnancy and
child outcomes. Eur J Clin Nutr, 2008, 62(1), 68-77.

Chawes, BL; Bennelykke, K; Jensen, PF; Schoos, AMM;
Heickendorff, L; Bisgaard, H. Cord Blood 25(OH)-Vitamin D
Deficiency and Childhood Asthma, Allergy and Eczema: The
COPSAC2000 Birth Cohort Study. PLoS One, 2014, 9(6), €99856.



8 Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0

[52]

[54]

[55]

[58]

[59]

[60]

[61]

[62]

[65]

Morales, E; Romieu, I; Guerra, S; Ballester, F; Rebagliato, M;
Vioque, J; Tardon, A; Rodriguez Delhi, C; Arranz, L; Torrent, M;
Espada, M; Basterrechea, M; Sunyer, J; INMA Project. Maternal
vitamin D status in pregnancy and risk of lower respiratory tract
infections, wheezing, and asthma in offspring. Epidemiology, 2012,
23(1), 64-71.

Camargo, CA Jr; Ingham, T; Wickens, K; Thadhani, R; Silvers,
KM; Epton, MJ; Town, GI; Pattemore, PK; Espinola, JA; Crane, J;
New Zealand Asthma and Allergy Cohort Study Group. Cord-
blood 25-hydroxyvitamin D levels and risk of respiratory infection,
wheezing, and asthma. Pediatrics, 2011, 127(1), e180-187.
Litonjua, AA; Lange, NE; Carey, VJ; Brown, S; Laranjo, N;
Harshfield, BJ; O'Connor, GT; Sandel, M; Strunk, RC; Bacharier,
LB; Zeiger, RS; Schatz, M; Hollis, BW; Weiss, ST. The Vitamin D
Antenatal Asthma Reduction Trial (VDAART): rationale, design,
and methods of a randomized, controlled trial of vitamin D
supplementation in pregnancy for the primary prevention of asthma
and allergies in children. Contemp Clin Trials, 2014, 38(1), 37-50.
Majak, P; Olszowiec-Chlebna, M; Smejda, K; Stelmach, I. Vitamin
D supplementation in children may prevent asthma exacerbation
triggered by acute respiratory infection. J Allergy Clin Immunol,
2011, 127(5), 1294-1296.

Yadav, M; Mittal, K. Effect of Vitamin d Supplementation on
Moderate to Severe Bronchial Asthma. Indian J. Pediatr, 2014,
81(7), 650-654.

Castro, M; King, TS; Kunselman, SJ; Cabana, MD; Denlinger, L;
Holguin, F; Kazani, SD; Moore, WC; Moy, J; Sorkness, CA; Avila,
P; Bacharier, LB; Bleecker, E; Boushey, HA; Chmiel, J;
Fitzpatrick, AM; Gentile, D; Hundal, M; Israel, E; Kraft, M;
Krishnan, JA; LaForce, C; Lazarus, SC; Lemanske, R; Lugogo, N;
Martin, RJ; Mauger, DT; Naureckas, E; Peters, SP; Phipatanakul,
W; Que, LG; Sheshadri, A; Smith, L; Solway, J; Sullivan-Vedder,
L; Sumino, K; Wechsler, ME; Wenzel, S; White, SR; Sutherland,
ER; National Heart, Lung, and Blood Institute’s AsthmaNet. Effect
of Vitamin D3 on Asthma Treatment Failures in Adults With
Symptomatic Asthma and Lower Vitamin D Levels: The VIDA
Randomized Clinical Trial. JAMA, 2014, 311(20), 2083-2091.
Arshi, S; Fallahpour, M; Nabavi, M; Bemanian, MH; Javad-
Mousavi, SA; Nojomi, M; Esmaeilzadeh, H; Molatefi, R; Rekabi,
M; Jalali, F; Akbarpour, N. The Effects of Vitamin D
Supplementation on Airway Functions in Mild to Moderate
Persistent Asthma. Ann Allergy Asthma Immunol, 2014, 113(4),
404-409.

Bar Yoseph, R; Livnat, G; Schnapp, Z; Hakim, F; Dabbah, H;
Goldbart, A; Bentur, L. The effect of vitamin D on airway
reactivity and inflammation in asthmatic children: A double-blind
placebo-controlled trial. Pediatr Pulmonol, 2014, [Epub ahead of
print].

Litonjua, AA. Vitamin D and corticosteroids in asthma: synergy,
interaction and potential therapeutic effects. Expert Rev Respir
Med. 2013, 7(2), 101-104.

Sutherland, ER; Goleva, E; Jackson, LP; Stevens, AD; Leung, DY.
Vitamin D levels, lung function, and steroid response in adult
asthma. Am J Respir Crit Care Med, 2010, 181(7), 699-704.
Searing, DA; Zhang, Y; Murphy, JR; Hauk, PJ; Goleva, E; Leung,
DY. Decreased serum vitamin D levels in children with asthma are
associated with increased corticosteroid use. J Allergy Clin
Immunol, 2010, 125(5), 995-1000.

Zhang, Y; Leung, DY; Goleva, E. Anti-inflammatory and
corticosteroid-enhancing actions of vitamin D in monocytes of
patients with steroid-resistant and those with steroid-sensitive
asthma. J Allergy Clin Immunol, 2014, 133(6), 1744-52

Nanzer, AM; Chambers, ES; Ryanna, K; Freeman, AT; Colligan,
G; Richards, DF; Timms, PM; Martineau, AR; Griffiths, CJ;
Corrigan, CJ; Hawrylowicz, CM. The effects of calcitriol treatment
in glucocorticoid-resistant asthma. J Allergy Clin Immunol, 2014,
133(6), 1755-1757.

Maguire, JL; Birken, CS; Loeb, MB; Mamdani, M; Thorpe, K;
Hoch, JS; Mazzulli, T; Borkhoff, CM; Macarthur, C; Parkin, PC;
TARGet Kids! Collaboration. DO IT Trial: vitamin D Outcomes
and Interventions in Toddlers - a TARGet Kids! randomized
controlled trial. BMC Pediatr 2014, 14-37.

Gurlek, A; Pittelkow, MR; Kumar, R. Modulation of growth
factor/cytokine  synthesis and signaling by lalpha,25-

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

Benetti et al.

dihydroxyvitamin D(3): implications in cell
differentiation. Endocr Rev, 2002, 23(6), 763-786.

Gorman, S; Judge, MA; Hart, PH. Immune-modifying properties of
topical vitamin D: focus on dendritic cells and T cells. J Steroid
Biochem Mol Biol, 2010, 121(1-2), 247-249.

Schauber, J; Dorschner, RA; Yamasaki, K; Brouha, B; Gallo, RL.
Control of the innate epithelial antimicrobial response is cell-type
specific and dependent on relevant microenvironmental stimuli.
Immunology, 2006, 118(4), 509-519.

Bikle, DD; Chang, S; Crumrine, D; Elalieh, H; Man, MQ; Choi,
EH; Dardenne, O; Xie, Z; Arnaud, RS; Feingold, K; Elias, PM. 25
Hydroxyvitamin D 1 alpha-hydroxylase is required for optimal
epidermal differentiation and permeability barrier homeostasis. J
Invest Dermatol, 2004, 122(4), 984-992.

Bikle, DD. Vitamin D metabolism and function in the skin. Mol
Cell Endocrino, 2011, 347(1-2), 80-89.

Ong, PY; Ohtake, T; Brandt, C; Strickland, I; Boguniewicz, M;
Ganz, T; Gallo, RL; Leung, DY. Endogenous antimicrobial
peptides and skin infections in atopic dermatitis. N Engl J Med,
2002, 347(15), 1151-1160.

Nomura, I; Goleva, E; Howell, MD; Hamid, QA; Ong, PY; Hall,
CF; Darst, MA; Gao, B; Boguniewicz, M; Travers, JB; Leung, DY.
Cytokine milieu of atopic dermatitis, as compared to psoriasis, skin
prevents induction of innate immune response genes. J Immunol,
2003, 171(6), 3262-3269.

Cheng, HM; Kim, S; Park, GH; Chang, SE; Bang, S; Won, CH;
Lee, MW, Choi, JH; Moon, KC. Low vitamin D levels are
associated with atopic dermatitis, but not allergic rhinitis, asthma,
or IgE sensitization, in the adult Korean population. J Allergy Clin
Immunol, 2014, 133(4), 1048-1055.

El Taieb, MA; Fayed, HM; Aly, SS; Ibrahim, AK. Assessment of
serum 25-hydroxyvitamin d levels in children with atopic
dermatitis: correlation with SCORAD index. Dermatitis, 2013,
24(6),296-301.

Mutgi, K; Koo, J. Update on the role of systemic vitamin D in
atopic dermatitis. Pediatr Dermatol, 2013, 30(3), 303-307.

Peroni, DG; Piacentini, GL; Cametti, E; Chinellato, I; Boner, AL.
Correlation between serum 25-hydroxyvitamin D levels and
severity of atopic dermatitis in children. Br J Dermatol, 2011,
164(5), 1078-1082.

Sidbury, R; Sullivan, AF; Thadhani, RI; Camargo, CA Ir.
Randomized controlled trial of vitamin D supplementation for
winter-related atopic dermatitis in Boston: a pilot study. Br J
Dermatol, 2008, 159(1), 245-247.

Camargo, CA Jr; Ganmaa, D; Sidbury, R; Erdenedelger, Kh;
Radnaakhand, N; Khandsuren, B. Randomized trial of vitamin D
supplementation for winter-related atopic dermatitis in children. J
Allergy Clin Immunol, 2014, 134(4), 831-835.

Javanbakht, MH; Keshavarz, SA; Djalali, M; Siassi, F; Eshraghian,
MR; Firooz, A; Seirafi, H; Ehsani, AH; Chamari, M; Mirshafiey,
A. Randomized controlled trial using vitamins E and D
supplementation in atopic dermatitis. J Dermatolog Treat, 2011,
22(3), 144-150.

Amestejani, M; Salehi, BS; Vasigh, M; Sobhkhiz, A; Karami, M;
Alinia, H; Kamrava, SK; Shamspour, N; Ghalehbaghi, B; Behzadi,
AH. Vitamin D supplementation in the treatment of atopic
dermatitis: a clinical trial study. J Drugs Dermatol, 2012, 11(3),
327-330.

Hata, TR; Audish, D; Kotol, P; Coda, A; Kabigting, F; Miller, J;
Alexandrescu, D; Boguniewicz, M; Taylor, P; Aertker, L; Kesler,
K; Hanifin, JM; Leung, DY; Gallo, RL. A randomized controlled
double-blind investigation of the effects of vitamin D dietary
supplementation in subjects with atopic dermatitis. J Eur Acad
Dermatol Venereol, 2014, 28(6), 781-789.

Vihdvihu, K; Ylianttila, L; Salmelin, R; Lamberg-Allardt, C;
Viljakainen, H; Tuohimaa, P; Reunala, T; Snellman, E.
Heliotherapy improves vitamin D balance and atopic dermatitis. Br
J Dermatol, 2008, 158(6), 1323-1328.

Sicherer, SH; Sampson, HA. Food allergy: Epidemiology,
pathogenesis, diagnosis, and treatment. J Allergy Clin Immunol,
2014, 133(2),291-307.

Sharief, S; Jariwala, S; Kumar, J; Muntner, P; Melamed, ML.
Vitamin D levels and food and environmental allergies in the
United States: results from the National Health and Nutrition

growth and



Therapeutic Effects of Vitamin D in Asthma and Allergy

(86]

Examination Survey 2005-2006. J Allergy Clin Immunol, 2011,
127(5), 1195-1202.

Allen, KJ; Koplin, JJ; Ponsonby, AL; Gurrin, LC; Wake, M;
Vuillermin, P; Martin, P; Matheson, M; Lowe, A; Robinson, M;
Tey, D; Osborne, NJ; Dang, T; Tina Tan, HT; Thiele, L; Anderson,
D; Czech, H; Sanjeevan, J; Zurzolo, G; Dwyer, T; Tang, ML; Hill,
D; Dharmage, SC. Vitamin D insufficiency is associated with
challenge-proven food allergy in infants. J Allergy Clin Immunol,
2013, /31(4), 1109-1116.

Baek, JH; Shin, YH; Chung, IH; Kim, HJ; Yoo, EG; Yoon, JW;
Jee, HM; Chang, YE; Han; MY]J. The link between serum vitamin

(87]

Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0 9

D level, sensitization to food allergens, and the severity of atopic
dermatitis in infancy. Pediatr, 2014, 165(4), 849-854.

Weisse, K; Winkler, S; Hirche, F; Herberth, G; Hinz, D; Bauer, M;
Réder, S; Rolle-Kampcezyk, U; von Bergen, M; Olek, S; Sack, U;
Richter, T; Diez, U; Borte, M; Stangl, GI; Lehmann, I. Maternal
and newborn vitamin D status and its impact on food allergy
development in the German LINA cohort study. Allergy, 2013,
68(2), 220-228.

Norizoe, C; Akiyama, N; Segawa, T; Tachimoto, H; Mezawa, H;
Ida, H; Urashima, M. Increased food allergy and vitamin D:
randomized, double-blind, placebo-controlled trial. Pediatr Int,
2014, 56(1), 6-12.

Received: March 20, 2014

Revised: April 16,2014

Accepted: April 20,2014



